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Skin prick test results and prevalence of allergic symptoms
in workers exposed to toluene
İsmail KARABULUT1, Tevfik PINAR2, Hayriye KARABULUT3, Melike DEMİR4, Gülistan KARADENİZ4,
Rıza Murat KARAŞEN3

Aim: To determine the distribution of allergens and allergic symptoms according to occupation groups in those who
were exposed to toluene and presented with allergic rhinitis symptoms.
Materials and methods: Of the 2005 patients who were administered an allergy test with the prediagnosis of allergic
rhinitis, the files of 138 patients who were exposed to toluene were analyzed retrospectively.
Results: The mean age of the patients was 35 ± 10 years. Distributions of symptoms and allergens of 57 patients (41.3%)
with negative skin prick test and 81 patients (58.7%) with positive skin prick test were analyzed according to occupation
groups. There was no significant difference between the groups in terms of symptoms at baseline except for the symptom
of runny nose (P > 0.05). The groups were compared in terms of complaints that started at the age of 16 or later, which
was found as 76.5% in the positive group and 91.2% in the negative group.
Conclusion: The occupation of the patient must be considered in patients who present with allergic symptoms; in
particular, patients with negative skin prick test should be investigated in terms of occupational exposure.
Key words: Allergic rhinitis, allergy, toluene, occupational disease

Toluen maruziyeti olan işçilerde deri prik testi sonuçları ve alerjik semptom sıklığı
Amaç: Toluene maruziyetin olduğu mesleklerde çalışan ve alerjik rinit semptomları ile başvuranlarda alerjenlerin ve
alerjik semptomların meslek gruplarına göre dağılımının belirlenmesi.
Yöntem ve gereç: Alerjik rinit ön tanısıyla başvurup deri prik testi yapılan 2005 hastadan toluene maruziyetin olduğu
mesleklerde çalışan 138 hasta retrospektif olarak incelendi.
Bulgular: Hastaların yaş ortalaması 35 ± 10 idi. Deri prik testi negatif olan 57 (% 41,3) hasta ve pozitif olan 81 (%
58,7) hastanın semptom ve alerjen dağılımları meslek gruplarına göre analiz edildi. Nazal semptomların sıklığı
karşılaştırıldığında burun akıntısı dışında gruplar arası fark bulunmadı. Gruplar şikayetlerin 16 yaş üstünde başlama
durumu açısından karşılaştırıldığında pozitif grupta bu oran % 76,5 ve negatif grupta % 91,2 olarak tespit edildi.
Sonuç: Alerjik semptomlarla gelen hastalarda mutlaka meslek sorgulanmalı özellikle deri prik testi negatif olan hastalar
mesleksel maruziyet yönünden araştırılmalıdır.
Anahtar sözcükler: Alerjik rinit, alerji, toluen, meslek hastalıkları
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Introduction
Allergic rhinitis (AR) is a symptomatic
inflammatory disease of the nose characterized by
specific IgE-related hypersensitivity. Its symptoms
generally appear after exposure of the nasal mucosa to
the allergen (1). Allergic rhinitis is the most common
type of allergic disease, with 10%-40% prevalence in
the community (2). Factors causing allergic diseases
can vary between countries or different parts of a
country due to geographic, climatic, occupational or
various social conditions (3).
Toluene is the basic component of thinner that
is used as an organic solvent in industry today. It
is widely used in paint, drugs, cosmetics, shoe and
automotive industries, and in production of explosive
substances and adhesives. Toluene shows its effect
through transmission into blood, tissues, and tissue
fluids. It is used in dyes, ink, thinner, stuccos and
undercoats, adhesives, lac dyes, and other solventrequiring compounds (4,5). Toluene affects many
organ systems and tissues in humans. Occupational
exposure to toluene usually occurs via inhalation.
Cutaneous exposure also occurs. Workers in shoe
or press shops who are exposed to toluene for a long
time are at risk of chronic toxicity (5,6).
Although it is usually neglected, obtaining a
detailed occupational history is very important in
terms of the diagnosis and treatment success (5).
This study was planned to determine the distribution
of allergens and allergic symptoms according to
occupation groups in those who were exposed to
toluene and presented with allergic rhinitis symptoms
as well as to contribute preventive measures by taking
environmental factors into consideration.
Materials and methods
Patients with the prediagnosis of AR (allergic
rhinitis) who had been followed-up with an allergy
test in Keçiören State Hospital Otorhinolaryngology
Clinic between January 2008 and December 2010
were included in the study. Of the 2005 patients
who were administered an allergy test with the
prediagnosis of AR, the files of 138 patients who were
exposed to toluene were analyzed retrospectively.
All the patients were actively working males. The
patients were divided into 3 groups according to their
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jobs. Those who were painters and plasterers in the
construction sector were classified as Group 1, those
working in furniture production and printing houses
were classified as Group 2, and workers in automotive
repair and dyes as well as gas station attendants were
classified as Group 3.
Diagnosis of AR was made based on the physical
examination findings, nasal endoscopic examination
findings, and the skin prick test results. Sneezing,
runny nose, nasal obstruction and nasal itching,
presence of serous secretion in the nasal cavity, pale
nasal mucosa, edema, and pale or purplish concha
were interpreted in favor of AR. Patients were
analyzed in terms of skin findings and presence of
erythema, itching, urticaria, and eruption, and these
data were recorded. Cough, dyspnea, and wheezing
were investigated as pulmonary symptoms. Itching,
redness, and edema were investigated as ocular
symptoms.
Alyostal ST-IR (Stallegenes S.A. France) standard
allergen extracts were used for the skin prick test.
For the test, antihistamines had to be withdrawn
10 days in advance, H2 receptor blockers had to be
withdrawn 24 h in advance, and antidepressant drugs
withdrawn 20 days in advance. Allergen extracts
that were obtained in standard doses in quick test
applicators with 8 distinct edges were applied onto
the skin after the ventral surface of the forearm was
wiped with alcohol. The results were evaluated 15 min
later. Histamine-HCl was used as positive control
and isotonic NaCl was used as negative control.
The validity criteria for the test were accepted as >3
mm for positive control and <3 mm for negative
control. A skin reaction against the allergen with an
induration of >3 mm in diameter was accepted as a
positive reaction (7).
The most common 30 allergen extracts and
positive and negative controls were applied using a
total of 4 applicators onto the skin of the forearm for
the skin prick test. Two house dust mites, 3 fungal
spores, 1 insect, 3 animal epithelia, 15 pollens, and 6
food allergens were used.
The skin prick test was not applied in patients
who had been treated with the diagnosis of asthma,
nor in those who had suspected asthma and those on
beta-blocker agents.
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Results
The mean age of the patients was 35 ± 10 years
(range 17-60 years). Demographic features of the
patient groups and prick test results are presented in
Table 1.
When the groups were compared in terms of
complaints that started at the age of 16 or later, it was
found as 76.5% in the positive group and 91.2% in
the negative group. The difference was statistically
significant (P = 0.039).
Table 2 displays allergens with significant
differences among those with positive skin prick
test responses according to occupation groups. No
differences were found between occupations for
other allergens.
Distributions of symptoms and allergens of 57
patients (41.3%) with negative skin prick test and 81

patients (58.7%) with positive skin prick test were
analyzed according to occupation groups.
Nasal symptoms of the groups are presented in
Table 3, and dermatological, ocular, and pulmonary
symptoms are displayed in Figures 1-3. There was no
significant difference between the groups in terms
of symptoms and nasal examination findings at
baseline, except for the symptom of runny nose (P
> 0.05).
Discussion
AR is classified as either perennial (lasting all
year long) or seasonal according to the presence of
symptoms developing depending on the duration of
former allergen exposure (8). While perennial AR
develops with house dust mite, fungi, insects, and
animal hair, seasonal AR arises with various outdoor

Table 1.The demographic features of the groups.

Negative

Positive

P value

Age

37.7 ± 10.3

33.2 ± 9.7

0.006

Age of symptom onset

30.5 ± 10.6

25.4 ± 10.9

0.012

Duration of symptoms

7.2 ± 8

7.9 ± 8

0.65

Group 1 (n = 81) n / %

26 / 32.1%

55 / 67.9%

0.028

Group 2 (n = 35) n / %

18 / 51.4%

17 / 48.6%

Group 3 (n = 22) n / %

13 / 59.1%

9 / 40.9%

Table 2. Distribution of allergens according to occupation groups.
Group 1
(n = 81)

Group 2
(n = 35)

D. pteronyssinus

13.6%

11.4%

45.5%

0.001

Tree mix

12.5%

20%

36.4%

0.035

Grass mix

19.8%

31.4%

50%

0.016

0

7.4%

9.5%

0.047

Alternaria

2.9%

0

14.3%

0.037

Aspergillus

4.3%

0

19%

0.014

Cladosporium

10.1%

0

23.8%

0.026

Willow

2.7%

3.3%

18.2%

0.017

Pine

2.9%

3.7%

19%

0.02

Nettle

13.3%

23.3%

36.4%

0.049

Strawberry

1.4%

0

14.3%

0.009

Cat

Group 3
(n = 22)

P value
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Table 3. The distribution of nasal symptoms according to the occupation groups.

Runny nose

Nasal obstruction

Sneezing

Itchy nose

Postnasal drip

Headache

Smell disorder

Dyspnea

Prick test

Group 1
Negative (n = 26)
Positive (n = 55)

Group 2
Negative (n = 18)
Positive (n = 17)

Group 3
Negative (n = 13)
Positive (n = 9)

P value

Negative

69.2%

72.3%

30.8%

0.035

Positive

80%

82.4%

66.7%

0.61

Negative

76.9%

72.2%

76.9%

0.92

Positive

89.1%

76.5%

100%

0.18

Negative

61.5%

77.8%

61.5%

0.48

Positive

65.5%

58.8%

66.7%

0.87

Negative

76.9%

88.9%

84.6%

0.57

Positive

83.6%

76.5%

77.8%

0.76

Negative

69.2%

77.8%

66.7%

0.75

Positive

78.2%

64.7%

55.6%

0.25

Negative

76.9%

77.8%

84.6%

0.84

Positive

70.9%

88.2%

66.7%

0.31

Negative

53.8%

55.6%

53.8%

0.9

Positive

65.5%

35.3%

66.7%

0.07

Negative

69.2%

44.4%

23.1%

0.02

Positive

38.2%

35.3%

33.3%

0.94

60

35
30

50

25

(%)

(%)

40

20
15

30

10

20

5
10

0
Skin
eruption

0
Negative prick test
Positive prick test

Coughing

Dyspnea

Wheezing

46.4

50.9

31.6

50.6

37

22.2

Skin itch

Skin
erythema

Urticaria

Negative prick test

10.7

24.6

22.8

31.6

Positive prick test

14.8

27.2

19.8

19.8

Figure 1. Frequency (%) of pulmonary symptoms according to
prick test results.

Figure 2. Frequency (%) of dermatologic symptoms according
to prick test results.

allergens like pollen (9). Allergy is a systemic disease,
manifesting with nasal, ocular, dermatological, and
pulmonary symptoms. Thus, allergic patients should
be evaluated through a multidisciplinary approach
(10).

Allergen exposure is reported to affect the
duration of symptoms in studies investigating the
relationship between allergens and occupations
(11). In our study, pollen positivity was detected at a
higher rate compared to indoor allergens leading to
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80
70
60

(%)

50
40
30
20
10
0
Itchy eye

Red eyes

Eye edema

Negative prick test

68.4

40.4

29.8

Positive prick test

69.1

45.4

30.9

Figure 3. Frequency (%) of ocular symptoms according to prick
test results.

perennial allergic rhinitis. Furthermore, presence of
all symptoms all year long inconsistent with allergen
distribution is a significant finding that supports
occupational exposure.
Although toluene exposure occurs mainly via
inhalation, it may also occur via the gastrointestinal
system, and the cutaneous and mucosal route.
Occupational exposure occurs especially via
inhalation (4,12). Toluene exposure is mainly seen
in workers in the dye industry, shoe production
shops, petrochemical industry, printing, adhesive
production, and pharmaceutical industry (4,13,14).
Toluene exposure is much more frequent in this
occupation group compared to the general population
(5). Toluene is absorbed easily and quickly from the
lungs. The reported absorption rates vary between
40% and 60% (4,15-18). Toluene has been shown to
be absorbed through skin exposure to liquid toluene
(19). Absorption of orally ingested toluene is much
lower than that of toluene taken via inhalation (5). In
our study the finding that complaints beginning after
16 years of age in 91.2% of the group with negative
skin prick test is different from the positive group
was consistent with the age of starting to work in
those working in those sectors.
There is a linear relationship between the amount
of toluene in arterial blood and the amount of
alveolar air. Thus, the amount of toluene in arterial
blood increases as the amount of toluene in alveolar
air increases. The concentration of toluene in alveolar
air and arterial and venous blood decreases quickly
just after termination of toluene exposure and later
the rate of decrease gradually decreases (20,21).

According to the results of our study, the least skin
prick test response was obtained in workers of the
automotive sector. The rate of symptoms was found
to be high and the allergic symptoms were thought
to arise in the negative group with mucosal injury
due to higher exposure rates in this sector. The fact
that the allergen rate was higher in this group may
be explained by the injured mucosa being more
sensitized.
Although the smell of toluene provides sufficient
warning for dangerous concentrations of toluene,
exposure to toluene for 15 min at a concentration of
8 ppm, which is the sensory threshold value, leads to
olfactory insufficiency (4). Karabulut et al. reported
the rate of smell disorders as 47% in males who
presented with allergic rhinitis symptoms (10). In
our study, smell disorder was found to be higher in
both groups and this was considered to be related to
olfactory injury.
Severe toluene exposure may cause fluid
deposition in the lungs and respiratory arrest.
Chemical pneumonitis may develop as a result of
pulmonary aspiration in the course of liquid toluene
ingestion or vomiting after ingestion (4). In our
study, the fact that the frequency of dyspnea was
significantly higher especially in the first and second
groups of the negative prick test group compared to
the positive group suggests that toluene shows clinical
manifestations by mimicking allergic symptoms.
Repeated and long term cutaneous exposure of
toluene may cause erythema and urticaria (4). In
our study, the symptoms of erythema and urticaria
were higher in the negative group compared to the
positive group, and this was found to be consistent
with cutaneous findings of toluene exposure.
Toluene exposure-related ocular inflammation is
usually mild. Burning, conjunctivitis, and keratitis
may develop when toluene comes into contact with
the eye by accidental splashing (4,22,23). According
to our results, the high frequency of ocular symptoms
in both groups was found to be consistent with the
data in the literature.
In conclusion, although allergen distribution in
occupation groups subjected to toluene exposure is
lower compared to data in the literature, the high
67
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allergic symptom rates may be explained by chronic
occupational toluene exposure-related mucosal
injury. Occupation should be questioned in patients

who present with allergic symptoms; in particular,
patients with negative skin prick test should be
investigated in terms of occupational exposure.
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